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(54) NONLINEAR 16 QAM MODULATION/DEMODULATION SYSTEM 
(57)Abstract: 

PURPOSE: To reduce the cost by utilizing the same 
nonlinear 16 QAM signal as a maximum amplitude 
with respect to the amplitude of an intermediate 
amplitude signal. 

CONSTITUTION: In the nonlinear 16 QAM 
modulation system, a maximum amplitude detecting 
means 1 detects the input of a signal which should 
have the maximum amplitude in standard 16 QAM. 
An amplitude suppressing means 2 suppresses the 
amplitude of this signal to 0.73-fold amplitude based 
on detection of the input in the means 1. In the 
nonlinear 16 QAM demodulation system, a quadrant 
discriminating means 3 discriminates the quadrant of 
the received nonlinear 16 QAM signal, and an 
amplitude discriminating means 4 discriminates the amplitude, and a phase discriminating 
means 5 discriminates the phase. It is discriminated whether the received nonlinear 16 
QAM signal should have the maximum amplitude of standard 16 QAM or not based on 
these discrimination results. An amplitude restoring means 7 receives the affirmative 
discrimination from a logic discrimination means 6 and extends the amplitude of the 
reception signal 1.37 times to restore the amplitude of the original maximum amplitude 




signal. Thus, the system gain is improved by about 1db without changing the power 
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cnsumption of a transmission amplifier, and the cost is reduced. 
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««)E#a (2) 

im^m 2 ] wfEs*jiiiiiftffl? a ( 1 ) tt. 5^ 
3';i'Siiig©ws©D/'ASgiig©Mtcgtt r t 
i^mfri>m^m i te«©*»ii i e QAumm:^ 
it. 

i^mttim^m i i2iJ®#iSii i e q AMaiiii;^ 
it. 

[s*3S4] wEigtgftiffi^a (2) it. DXAmm 

SSt*^ 1 fB«©#lll! 1 6 QAM^m:^^ 

m^ms] wsBjseaijE^a (2) a. ^^s^i')], 
[R^^6] irsfims^a (2) m:^Jiiisi§ 

#811! 1 6 QAM$P!:5S5:. 
1 6QAM«iS:35rSCIC*5V>T. 

SmLfc#«IS! 1 6 QAMffi^OftlES!pJ8iJT4«iaisl 
ffJ^a (3) 

f[8aS«#i»i!l 6QAMfi«<0fii|iSfJ9J-r-&lgil¥!l 

(4) t, 

«iri2Sffl#i9S! 1 6QAMe^©fifflswjr-6fi:«HI 

»j*a (5) 

«rtE«l|!BWSiJ¥a (3) . «i|iW9J¥a (4) , ^i:U 

ummmm (5) o^mmt^mzm-iit. iiiBs«# 
*'<^«^t?*«*^s*>sw3£-r«i&afi3t^a (6) 
wsiia*ij;t^a (6) icjcsw^owjt&sttT. m 

iSSm#«ll! 1 6 Q AMm^oJSiti& 1.37 fStct!;:*: 

r^geaTc^a (7) t, 

mtammtsiTt^wt (7) », s^eeitiii 6QAM«[ns 

Si J} Am 

im^m 9 ] g(tp 1 6 Q AM%itlS&^ 6 (C« b. 

irlBSli^^a (7) AdgBisiPieQAMigsijiS 




(2) i|$Pa¥7-8 7 1 5 0 

2 

S£;^-r«>J: d:*1*®t-rsW#Jl7 E«®#Sg^ 1 6 Q 

AM«w:!^St;. 

S! 1 6 Q AM»^rJ(;lc*3tr>T, 

§®Lfc#8IS!l 6QAMm^®*K&Wr-5ftKfJ 

»j^at. 

Bfl[gB§©#J81! 1 6QAMm^®Jg«&M»J-r5®lHW 
»J¥ai:, 

JO wi2§^#isia!i sQAMm^o&ffiswgij-rsftffiw 
gij^at. 

siffla^at, 

i!i 6QAMa:«ai:&iCitfet>T. 

Sip 1 6 QAMlC*V»Tg;*:Si|iH«^>'<^ft^fflA* 
SrtSHif *S;^Sititfea?a (1) SSfeS;^igifi« 
20 til^a (1) »cJ:^HSIsm^®A*®«^micS:^#. W 
IBm^®lgi|BSO. 7 3»lcai£E-rsSi(B«lBE#a 
(2) tSr, iJ>&<it>*TS#«S!l 6QAM^W:i^ 

set, 

§M#iSl! 1 6 Q AM^I^WjRia&HM-r-S^iaTOJ^ 
a (3) WIB§«#«I1!1 6QAM«^Ojg«|S*I 
SJ-rsfiilifJSiJ^a (4) ff}iE§m#IIS 1 6 QA 

u^^(r>m^^m\t^mm\^WL (s) wia^ 
isw^j^a (3) , ig*s«»j^a (4) , ^i.xmm 

S'J^a (5) ®&WSiJife:^tc:S:5$. Wffi§M#^S!l 
30 6 Q AMm#*t, gliji 1 6 Q AM®g:*:ig*ilCftS'<€ 

fi#T»4*^s*^*f!is-r«»aw5t¥a (6) t. ii 

S2ifeaW3£#a (6) lCi:-5#l£ffl*iJ3£*SttT, flIflE 
1 6 Q AMm^®g®5: 1 . 3 1 ^\Z^±-t 
^WMWt^^ (7) ^>^C<a:feWr.5*«IS!l 
6 QAMSW^^t, 
*^6.;45#»S!1 6QAMa:«iB;5riC. 

m\ ^QiAwm.wmz^\,^x. 

gIfSl 6QAMtC*V>Tft;^}gi|iSt;5:^)'Nt€fM^®A* 

ta^a (1) icj;^wiEffi^®AA®«itajcscfs. w 

IE€^®fii|i&0. 7 3<&tc9|)fiE-r-&fififlIEE#a 
(2) t*, il>;S<i:fc*r«#«S!i eQAM^Wt;? 

set, 

1 6 Q^Au^^<r>mSitM'mz>mmm 
at, WfB§®#«a! 1 6 Q^Aum^oimm■kmni> 

Wmm^®.h. fil2§^#l!lSl 6QAM^^®fi:ffi 

swsijr-s.ffifflfjs'j^ai:, MKftKwiij^a, siii^fl 

9Jm *J:t«4fi*tjgiJ#a®#!pJ»JiIg«fcStJt. * 
50 «©fiW®^S:ffl*SiT4Sia«ia^ai:S, ^!>«:<t 
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[000 1] 

10 0 0 2] -mz. sffi*a©i8Wjeas5!csu/to> 

[0003] 

[.mM<OWM\ '^^CiW^l 6 QAM (Quadrature Amp 
litude Modulation)(OM^£S(^BIl 9<Oii^\ZlS.i>. 

■rf3.t>^. m.±mm<Dmn\t^\, 4, is, leics^ 

■r&glcESSn. ft/jN^*SOM#ttjfil6. 7, 10, 

1 1 tc^-rffisicsBsn, -euT, *w«ii®«^tt 

^^2, 3, 5. 8, 9, 12, 14, 1 5 IC^-TfiBIC 
iEBIa, *3ii;BER (Bit Error Ratio)ttTffiiC 

(1) , (2) Tj-en-^nasn-s. 

[0004] 

a = 2'/' /3=0.4714 • • • (1) 

BER = (5/8)erfc C/(10N) '^^ • • • (2) 

[00 0 5] 

[0 0 0 6] L*^U SHS«©J86lg©A^jSli^LT 

[0 0 0 7] e^xxAy^-xi, siffiaai*®* 

•ric->XxAy'1'>?&K«)-52:t£Hofc#«a!l 6Q 
[0008] 




(3) !!$il¥7-8 7 1 5 0 

4 

(A) 6QAM^is:5S5;s, (B) ui^mm 

1 6 QAM®IH;&iC&*-r. 

[0 0 0 9] ^mmi 6QAu^m:m\i, m^ieQ 

Au\zi3i.^xm:kmmzfi^^t»n<oxi]^iikmt^ 
m±m^mtii^m 1 1, g;*:«i|giftw#a i ictswia 

m^©A*©«fflJc«':^€r, lWIHfl^©lB*i&0. 7 3 

•5, 

j<? [0 0 1 0] $^mmi 6QAM'i§.m:^^\t. siibfc* 
iis! 1 6 QAM^mosim'S:mit^si.mmmwc3 
t. tsim^m^^mmi 6QAumn<Dmm^m\-r^m 
mmi^m^t. fiai2s«*«ai! 1 6 QAMM^offiffi 

iflE§m#IIS!l 6QAM<i^j)?. #qil 6 QAM 

oiWi±mmizfii>^tfmx$)^ti^s*^ifi&-ri^m 

T, i(BB§m#i»Sil 6QAM<E^©Jgi|iSl. 37ffif 

20 \zmizt^mm^s.7i^m7 t^mt^::t^nmtt 

•5. 

[0 0 11] Sfc, ffJ£iSiiWS?a6*J;i;^ilfi7C 

[0 0 12] «±©J:^«c*^lfl 6QAM^ 

ii:^SCfeJ;t;#«l! 1 6 Q AMffiiS:i^iC&#L.fc#«l! 

1 6QAu^9im:^i)mm^ni. 

[0 0 13] 

,3» [f^ffl] $1*, ^^m\zm^mmi6QAumnsi 

BS02lc:^r. ■ri'St)'^, .iftl, 4, 13, 16©S 

■e©f^t>D, 01 9T*lxfcjfit2, 3, 5, 8, 9, 1 
2. 14, 1 5©«|IIiB«ffl^S. g:*:Si|S<S<t©jjS( 

1, 4. 13, 1 6*i}^^s-r.5PiM±icEB-r-5<, -en 

e©Eafi:B£3&rfc(CjSC2 a, 3 a, 5 a, 8 a, 9 
a. 12 a. 14 a. 1 5 a fT-S. Bl 9-eS^Lfcji5 

6. 7. 10. 1 1 ©s/hffiisM^fcoi-iTB, -ens 
om'hummn^mm&^h (b/a=i. d icst 

bT-€-n6©ES(aBS:3RfclCjg6 a, 7 a. 1 
Oa. 1 1 atrs. 

[0 0 14] £4±lCiO< *SIS!l 6QAMffi^-Ctt. 
g;*:SraSrl i:-r^)a:$S/MEi|S«0. 3 6 6 (=b/ 

xhm^m<^iio)m3imiju?f^^xs,i>. seic. 

59 [0015] it^, ^fR©#IIS 1 6 QAM£SIT». 
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sr. m^mmmn t^i, 4, 1 3, i eicfist?. 
m^) fc'tt*. 'pmmi^mn <A2. 3. 5, s, 9, 
12. 14. 1 5jctttt-r-5«^) m^-ri>Pim±\z 

7, 10. 1 1 tfigf sm^) &a*/t^l35©M^<iD 
6QAM«Slt?tt. g:;^^ilift^ C«l. 4, 1 3. 1 

6 ic<as-r-5»^) mm<Di 6qam<d«|'m« 

<i«^lCffiS-r5ffi^ (^2 a, 3 a, 5 a. 8 a. 9 
a. 12 a, 14 a, 1 5 a\Z&.Sti>^m ifi^^m 
bX&izbxm^0 1 6 QAMIC^TC-T'S). 
[0 0 16] aSW, #iKl!l 6QAMailT©a;*:lg 
*iffl^©j6i|SO«im*t#8ia!l 6QAMSP|TOa 

i(i 2, 1 5(c(a:fi-r-S>4>|iQSi|em'9 

£16atL. rroPJ^WiiiS&l t-r^t. ^O-.-^i 
1 6 aWIE88*n-CcfeO. ^0-;Sil GKlSlK*' (1 + 
31/2 /2) 1/2 =1.3 6 6i:*S. 

[0 0 17] bfc*^oT. ^1 6\zm-r^m±mms 
nomm^i. 3 6 6©ia4S:(o. 7 3 2)^-rn«. 

/Sl 6 alcfiBf5g;»cfilSm^©Si|@*t^e>n-5, jS» 
IC. ^ 1 6 a l:fig-r-5g;'cfii|@m^®fii|@S 1.36 

6ffi-rna, 6\z&m-r^&±mmm^<Dmmi>m 

6ixi,cttzU.^. 

[0 0 18] zL^vtt&\zmmvr. mi\z^-r^mm 
1 6QAM$P9:^^*v^Ttt. mizmnmrn^mia^. 

gip 1 6 Q AMlc*3V»TS:*cfii|i(c;S-5'^#ffi#cDA;(j 
i^tan. lgmE^32». fi:^fiffi«^m^§i:i(c 

■S'<Sffl^®«iliS:0. 7 3fStC«ljEEf2.. 
[0 0 19] ^mmi 6QAM«Pj:5SCTB. S 

fiUfc#8S!l BQAMM^fcift. ftEWM^aS** 
*KS:W9Jt. fiifS«S'J^a4*tSi|i*!WSiJt, ttffl^ij 

«S«IC»-:J#. gaiBSftUfc^SSSIl 6QAMffi^*J. 
mi$l 6QAU(DWi±m<SS\zfi^^tSnx3bi>ii^^fi^ 

)£©!pJS&SltT. WIES©U«:#«1!1 6QAM<i^ 
®S(iSl. 3 7fSfclt;*:LT7C©a*fiffi^^OJBil 

[0 0 2 0] fiis, siaws#a6*±i/csffi«7c#a 
mmwi^E^. ^^xsiiLmmm^mo^mimmizs^ 

[00 2 1] 

mmm] &rf. :^¥im(Dmmm'&mm\zm-:i^^rmm 

TS. 04H. *«M®Sl®5l«tRI®:/D5;i'ia-C» 



D. #^l!l 6QAM^a!Sgi&^trx-<i^5';kM»3l 

[0 0 2 2] Ich, Qcb®*«i|i*J:t//jNjgi|i*g-r2 

ii5r-:J'® I chMS B, IchLSB, QchMSB, Qch 
LSB^t. IchfflD/'AaM8g2 1. QchfflD/A^^ 
Sg2 2'\A*r-5*^ -eoA^WBSlC. |^i^-r-5g;*:P 

^. g:^Jg®«^fflS2 3*MchMSB, IchLSB, Q 
chMSB. QchLSBSS(Cg!;*c^iim^ (Hl9®j« 
10 1, 4, 13, 1 6»CttB-r«.«^) ®A*Si|ftfflb, 

mmmn<D!&mi 0.73 flscag/M-s. 
[00 2 3] ::o Lftm±mm<Dmm\zm^mt> 
nfc«^*tD/A^giS2 1. 2 2 'Sit ens. -e® 

(LF) 2 5, 2 6. 1 6QAM^P 
S2 7, W)0iy4JV^ (BF) 2 8, 
2 9. 3£m«:4ii4g!83 0>&liTl^«|S!l GQAMM^ 
®2imai:^i<i^7>5r:?- (0S^^i-f) H^^MiiititHb. ft 
il€^S[S:^g|l§2 9fS, 16QAM$WS2 7*^ 

[00 24] B 5 usi^mmiikmsi 2 3 ®i^se«!^&^ 

f :/D>;;5^0T*S. Tftt)^. a;*C«ili«^fflSg2 3 
e, AND@?S2 3a~2 3h*J;i;OR@K2 3 1*^ 
6«lflc*n, AND|§K23a~23d'slchMSB, 
IchLSB. QchMSB, QchL S B!iitA:^Stl. OR 

iEis52 3 1 (Dmmmmmi3tbxmmm&si2 4^m 
en-5. 

[00 25] m^ti. H 1 9 ®jiSC 1 IcfiSf •5a:*:JBiB 
M^**A*LfcS-&, I ChMSB, IchLSB, QchM 

^ SB, QchLSBB-en-en> ro, 0. 0, oj tu 

**>e. ANDiIiS2 3a-2 3d©tU^ltt-tn-en, 
ro, 1, 0, IJ tti^. L/t*^oT, ANDEIP52 

3 e~2 3h®tfi:^tt-en-6n, ro, 0, 0, u t 
fiO, Sgi I i«IS®«:*:««i(t#*JA*LTv>s;:t 

*«PJ5. ORIBIK2 3 i®lflAtt rij tftO, 

sitTigii@Hssg2 4ifiz<Dm±mmmn(Dw.emyt^ 
[0 0 2 6] mm\z. fifiR«. mi9<ojSL4{z&:mt^ 

m:k&(S^{Bm)^X1Jb1tm^> IchMSB. IchLS 
40 B, QchMSB, Qch L S B tt-en-?n. Tl, 1, 

0. OJ ift-5*>e. AND|i!K2 3 a~2 3d®Ul^ 

tt-€-n-?n. ri, o. o. u t/t^. l&**ot, 

ANDI1S52 3 e~2 3 h®Hi*l«-?-n-en. fO, 

1. 0. Oj tftO. m I V)Ria®g;*:Jg<@®^*tA* 
LTW«C:i:*cpJ*. ORHIS2 3 1 OffiAtt Tlj t 
)i 0 , r n It TSffiUfiS 2 4 *J C ®fWcJBi|iffl^ 

®Si|i®»!S/h2:ff-5. 

[0 0 2 7] HI 9®iii 3. 1 6\ziSLsr^m±mm 

M#*»-5-n-enA*bft:«^. P«lC0R|Bia2 3 i ® 
50 W**» rij tftO. m&§WTfii|iiBSg2 4*JJ: 
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<D]^i. 4, 13. 1 6\z&:st^M±miismn-vu\,'> 

«#*«X*L/fc«^, OR|iI»52 3 fOj t 

flO. ^1iPSI§2 4TttM©tS/h<£fft)/j:U. 

[0 0 2 8] i6i§ps§§2 4«. mu^&mmm-r^ 

^1. 4, 13. 1 6 »c&H-r-5S:*:Jgi|@M^®igi|ifc' 
Jt&o. 7 3ffiH;:aiJE-r.5. 

[0 0 2 9] )S*5. r3Lfc«i|i3SiEgg2 4SrD/A« 
aS2 1, 2 2lCrt)Bt3tJ^i5lC«fiKtTt)J;t». 0 
6tt. 2 O^W©:/P»;i7 0TJ!5D. #«l 

1! 1 6 Q AM$IBI^g€:^Ox^ -:^:J';P«S«8iimtS&5^ 

•r. s 2 osiii«»j©fli^tts 1 <Dmmm(Dm^tm^i^ 

[0 0 3 0] m 2 ©*iS0i9T«. S WSS 3 1 ©^fB 
1*^ D/Aa:»S2 1. 2 2i:l 6QAM^iSig27 

t©Kic^tte.n-5, ifefc. %2<r>^mmx^ \ gqa 

[0 0 3 1] )gi|iil9SI| 3 1 ». fbcfiililfttUIS 2 3;6^ 
6S!lffilffl:fj?£3ienSi:, D/AS^S2 1, 2 2*^?, 

[0 0 3 2] 07». *l?BJ©^3©S|Jg{3J©:/D-;;i7 
Bir»0> #i®a!l 6QAMSiBSfiS^tJx^i;^;i. 

|5|-©^?^s#^T^ne.©s^w£#K•rs. 
[0 0 3 3] f^3<ommm-v\t, &mmms3 2<r)^s. 
(tmami <ommm ts,iii>. t^ubt,, s«3raS5§3 

2*t. 1 6QAMXP8g2 7i:jim^S»:S:»|g2 9t 
©PflCStten^. M3©^JSWCt>l 6QAM 

%RnS2 7©Mafcl4fi«7-f;P^'2 5*±C;^«7^ 

[0 0 34] SfilliSffi 3 2 «. ©:^®ifi|«^ffllS 23*^ 
eWta*Si2ien-5i:, 1 6QAMS^iigg2 7*>6© 
fiAfiffifll^©Siil(C{R-S>tit:4«E«0. 7 3f»(C»EE 

[0 0 3 5] 08tt. *si??©^4ffl*jie»i©:/nyi' 

Bir*0, #«IS1 6QAM$SI»HS^4J7''^i'^;P 

mmmm^^r. m 4 ©^is09©«if£»m 1 om^m 

[0 0 3 6] IS4©^0!lT». S4§BISIS 3 3 ©SB 



3*^ 3lffim*lii|@|g3 0©A*8PI:Stt5.n-5. Ifft 
II4©^i6fiCTTfe 1 6QAM2Seig2 7©g5giCl4 
^ 2 5 * ^l/^ 2 8 *JiSft ens 
Hji^4«IISUT«*. 

[0 0 3 7] m^mm^3 3tt. S;^}gi|i«^mii2 3*^ 

B«*19«S3 0'x©A*«E*0. 7 3«IC«lffi-r 

S. o€flr, C©iolCbTjiffl$n/c#^Sl 6QA 

[0 0 3 8] H9tt, *»W®m5©iafiM®:/D3ri7 
BTfe 0. 1 6 Q AMttH^B*#tJx-^ 

^SSSffitKSS^r. *i8ll!l 6QAMm-^SS^f-5 
ft»CPi!E-r5g:*:lBi|@«itaji3 4»Cir5T. BI2t 
Tnti^l, 2a. 3a. 4. 5a, 8a, 9a, 12 

a. 13, 14 a, 15 a, 1 6\z{iLS-ri>±mmmn 

©1»*^e. S:*cSi|S»^tc;ft'5'<$^l. 4. l 3. 1 
6©m^S«Hir*. A*Ufc#«S!l 6 QAM 

M^«jiMii»3 5 SiigTfiiiisssii3 e'sjie.ns. 

a? jijeil5l»S3 5U. S;^£igattg3 4©^li^miCffi^ 

■ri>mmmmiiimmm i e QAMM^©iiasg6-& 

•5. 

[0 0 3 9] mmm^is 3 e i^. m:kmmi^iiis^ 34^)^ 

e. g;*cM'l@m^JC&^>-<^,«l. 4, 13, 16©m 
*J©Vir*l*>*»A^}Ufci::t4»6Sn<5i;, 
©lgi|ifc*tt!£l. 3 7f&lrS6:*:U. cniCJ;^Ti®^© 
1 6QAMm^S«7C-r-5. r©ffl7c3nfc#^;iJJg|2|l 
1 6QAM«PIS3 7*i(C^A/D^ttS3 8*<iTI 
chMSB, IchLSB. QcbMSB. QchLSBtLT 

[0 0 4 0] ft:*:lgii@MfflS3 4ICOV»TSlWr 

s. Bi 1 0 B3^£@«itiiis 3 4 oMmisim-r^mr 
■r&t)-&, #«is!i 6QAM«^©aptc. 

©1 6QAM«H|gSi&©*tfflJ'»fc©Ttt^^KD* 
©^;^ffi(S^^S«iajtT7c©S«StCS7C-r-5/0S*^* 

s. **©«±««im^*i^ffl-r-5»ctt. 

m 6QAM«#JC^^tT*ia*(l)£ («i8«)ta53 4 

a) . iSL^^M mnm^wi3 4h) . mmm. mm 
40 ^^^3 4 0) ^n^\ :ine©&«;£iiemfcs-:J^is 
mm&3 4dr&:k.mm^n\zu^-<^js.i. 4, 1 
3. 1 6©©^&ttffl-r*. 

[0 0 4 1] -pSO, «ftJAtf. «l®W3£eB3 4a(C:fet» 
I ftSt W3£3nntt. Lfc^^liE 2 ©^ 1 
la. 12 a. 15 a. 1 6 ©VJ-fnAMCffiST-Sft^ 
sec. ffifflWffi«aJ3 4b«C*fc»T4 5flP©«a: 
fflT*Stf!lJ£3nn«> A*ffl^«^l la. 16© 

3 4c Jc:fev>T:*:Sli-Cft« tWSSnntf, A*m^ 
so ttjRl2a. 15 a. 1 6©V>-rn39»fcffiB-r«m^«C 
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ISS^tX^.. Dt^toT. §feaS!LagB3 4 diCiOA* 

mn\i^ 1 6 ic&g-r ti*;^^ n-s. 

[ 0 0 4 2 ] 0 1 1 fi««ttilSi 3 4 

m^*n 6QAMffiiSffi4 l'sA*L, 16QAM«li 
gg4 1*^6 IchMSB, QchMSB;5ta:^Sn*. 
e><D I chM S B, QchM S B««|liiit!l9^4 7 'vllEB^^ 

Sfis 1 1 T ii eti. ffeajaasK 4 7 -r «i8=t«j3£*tfT*5 

nS. 1 6QAM8[ill8i4 lCttlgig!pJ«ffl4 

2. i5«lfi&*gWS«|54 3. fflaiSffi«W«i54 4*»85 

^§n. ■€-(D^*.©lgififJ3£SB4 2(D{fl:»3(i^®**il 
aJ!liiS?4 7'^. ^«Ktt1B!pJ5£gB4 3. (S*K<4fflW 
JtS54 4 CD^ffl^tt A/DXgig|54 5. 4 6 SKiTlia 

[0 0 4 3] Ctt6SI«©A«:Mfil^=£«TfCiftBJ-r 
B 1 2 ttlg<i|ijjt»4 2 OJ^«:W;S:iBI^&SiM-r.6 
0T»D. (A) (B) tt«SiJ:3Erj**, 

(c) »sifi<i&/T^-r. 

[0 0 4 4] ^mmi 6QAMM^(0g*©l 6 QAM 
S[iSlig4 l'v©A^lS:mOffiU -en^rSfifE • ¥?tSB4 
2aT?i!t|IU (B) »cg^-rJ:5&ffl:ft<i&#«.J;3»c 
fs. r^it)-^. (B) IC^TlRjgS Ui. (C) iz^ 
t^l. 2a, 3a, 4, 5a, 8a, 9a, 12a, 
13. 14 a, 15 a, 16 IZ&mt^izmnmmifX 

ijVfttt(omijm-v$>r). (b) ic^-rs[}g5 

2tt. ii6a, 7 a, 10a, 1 1 atZfie-T-S/hSli 

1 tVftt^WLJ&S 2<omS\tO. 3 6 6C?a;^. 
(A) iCS-oT, Mi|i»J8?4 2bT. iESi£-¥?tSP4 

2 a*^5(Dm*fflS:U->:/'J>i^UT*«PM0. 6 83 
tJtttt. A*U?S:*«a!l 6QAM«^56t:*:liB<5# 

6 8 3a (B) \Z^m-V9ri-ru^)l'T$>K), 

(c) ic^f^igeoflicffiau. Lfc*JoT, mmzp^ 

[0 04 5] 013, 14li^«IS<4fflfl|^ffl54 3. fS 

D. 013® (A) tt-tne®*}^*, (b) ttfiffiift 
mffiSi|s+-v'J7ss^-r. 01 4 CD (A) tt^jRffi-r© 
m#!£, (b) ttffiffii^ajgmss^t-. 
[0 0 4 6] gi¥oi 6QAM«piS4 iran^nfc 

I ch. QchM^SSlC, «i(S^^ U 7S*@» 5 3 B, 

U7Sf^J^H 6QAMttiS|8g4 I's^rttfet, I 
chffl3lt|l+V 'J 7**0tQchfflat|l*v 'J 7*4 SftEJ 

^tr. ^ (I. Ill) «ISffiffi«iHilBS¥+Y'J7 

5 4*ir;is (II, IV) *Kfi:ffliftmfflSifs+v u 
75 5SfpjSb. &.mkmiS5 6-^tiitir^, 

S5 6». ::n&©fi^«l»tBffiSliS4'vU7 5 4, 5 5 



&imt^^&m±\zsi^^n^miri>. 

[004 7] fiffiMiaS 5 6 ©Si(^&0 1 4 £#B9bT 

siwr«). -r^tt*^, fi:««fflS85 6*tv wAtfv « 

(I, III) *fSfiffi<^ffiffla*+^U7 5 4-C*« 
^!1 6QAMM^&fi:ffi«|Jg[t?ti:-rst. SI. I I 

ijs(g(ctt (A) ic^-r8'^®iiw#ieE-r-5*5. -e© 

•5%. Al, 6 a. 11a, 1 6 JCfi:H-r-5®Wfiffl 

^aisg 5 6 ^xij tTVi^«-&fc*»tfi:ffl<^iij|g 5 6 ©a 
[004 8] 015 (A) \tm.mn&m4 2 (omom^ 

mi7ntfayi;^-V&K). 015 (B) ttifeS^aeB 
4 7 TfTton^*fE*Jj£SiftBJ-r?>0-C*^. I^SISi 1 
6QAM«^*tgJp©l 6QAMg[Hg5 7TSffll$ 
n. A/D^^|g5 SSrJiT IchMSB, IchLSB, 
QchMSB, QcbLSBtLTWA^n-S. ^<Oz>^<D 
I chM S B, QchM S Bi>^mSm$^4 7 'S^fEWjeit 

atUTSisn*. gsasaa«4 7Ttt, w iz^-r 

i^ic, (1, 1) *JAAsnntf, xi]Lfc$^mmi 

20 6QAMffi^Hmi*Sle:*-5i1sij»rU (O. 1) *t 

xiiintvii. xijx^it^mmi 6QAM«^Bmi i 
st.mz$>^tmmv. (o, o) a^Kii-^tiiwi. x-n 
vtzf^wm 1 6 QAMM^ttm 1 1 1 »m\z$>i>tmm 

b. (1, 0) !5«A*3nntf. A*L.fc|f«8i!l 6Q 

AMm^ttm I v)ftiaic*«tJpj8r-r-5. 

[0 0 4 9] IchMSB, IchLSB, QchMS 

B. QchLSB*tORIlIK5 9*itttNANDlHlK6 0 

'vA^-r-s. x^vit^wmi QQihummfi-kmmm 

n-V^mt, OREISSS 9fe^Vi(lNAND|sII86 0*^ 
5£? rij sai;t;U /jNJBitg«^T?*nK. foj Sffl:(it- 

[0 0 5 0] 0 1 6 «, *%M©t^6©Sllfi«q©:/Dy 

i'Srafes. m6©*iS«»ij®sitStt, ^5©^0!i®« 

mm 1 6 QAMaUSS 7 1 A/D«SSg3 8 t®IBJfc 

99eiS6 ui. ii±igii§4^aiS3 4«^&. Si^'mmn 

\ZlS.^'^^M.l. 4, 13. 1 6®ffi^OfrJ-fn**»A 
■hbitzt^n^-^fi^t, *®«#©fi(S;^?»tSi. 
4£7 3 7tt(cii:*:U J:niCj;oT«ffl0Icb, Qchm^* 

[0 0 5 1] 01 7B*5!M©m7®||iS«®:/n5'i7 
0T*-5. ll7®5ISS«i9tt. ®5®5g]5SW-^m6©|gJfi 

m<Jiii^\zm-kmmmmzu^^tM.i. 4. 13. 1 
6 ©flr^ofiis* 1.37 m\zm.±-r^ z. t\tf7t>t, 

BSa^SaiCttJT. itffi. i!^® I ChM SB, IchLS 
B, QchMSB. QchLSBSajcUTL*5IHBT* 
•5. 

[0 0 5 2] -r;ftt>%. #IIS>1 6QAMm#»{ll:ffi)q 

59 ^ffi6 3, 6 4, :&J:Z;i 6QAM%inS6 7^A;'b$ 
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n^. 1 6Q Aumm^ 6 7 \mmmnt:m'(i^m^me 

TS. fi[ffltlJ^SP6 3, 6 4®#ffi*IJA/DaMI§6 

^6 8lCttSi|@¥!l:£B86 2®ffiAt, 1 6QAMttlSgg 

HgiproichMSB. IchLSB, QchMSB, QchL 
SBS:ti!*-r-5. U^. «it@^PJ^g6 6 2 'vti. miZMB 
T^-rJ:'5lC, 6QAMm^Sjt»lDA. IF 

[0 0 5 3] ^<iW3£gB6 2, fi;«W^gS6 3. ttfflflj 
^8B64. 1 6QAM«IBig6 7. A/D^mig6 5. 
6 6 H 1 1 K:*-r«BW3gei54 2 . «*IBttffi|!l^ 
eB4 3. <SI^IE<affi!pJ^eg4 4. 16QAM«PII4 

1. A/D^ftig4 5, 4 6 t^ti^HMSivrmcm 

[0 0 5 4] ifeajnagBe 8ti> igig^ijj^eBe 2, ft« 
w^«6 3, 6 4, 1 eQAummme 7ii-^<^<Dm&^ 

:/JPS:#B9bTg«P© I chMSB, IchLSB, QchM 
SB, QchLSBSm*-r-&. 
[0 0 5 5] gt±©J:5fc. 02»c*-rJ:5»*IMSl 

[0 0 5 6] rf3it>*>. W]i©i5IC«/h«fflff^lBlg 
StdJ^ipl 6QAM«^-pKa. #181! 1 6 QAMm-^ 
TSbTfeO, b/a*si. 1 JC/ioTl'iS. C 
/N3!tlSStt2 0 1 og (b/a) t«$n*. bft** 
oT. 6QAMJC;feft<bC/N&SattO. 8 

1 dBtifeS. 

[0 0 5 7] tC^-Q. ^^ISSIl 6QAMt?©BERtt 
TSBSC (3) 

BER=(5/12)erfc C/(8.3N) • • • (3) 

^C-C, BER 1 0-«;S-C©C/N&, ^ (3) ©BE 
Rfcl 0-«*RAl,T:d?»-5t, 
C/N=19.6554 dB • • • (4) 

^ (3) ©I^Sc (5/1 2) S3/2 (=^Dfll 
M{^SC3 2/4 8) fSU. (3) ©BERfCl 0-'^£ 
ftAl/TC/N****t, 

C/N=19.8025 dB • • • (5) 

it (4) . (5) T^SnSfitOHO. 147 1dB 
». «»«fl;tJ:«BERl 0-«;aT©^«C/NBS:« 

[0 0 5 8] U;fc*Jt?T. ->;^xAy'r>©J@Mi, 
0. 81dBt0. 1 4 7 1 dBtOftlO. 96dB, 

m}immmati<D i d BJg4>s{its©$i^»ft© i a e 



[0 0 5 9] 01 Stt, ^ (3) :feJ;t/ili£©iC (2) 
Sy^^-fbUfcfcOT^D. ^ (3) *J0©|f«Jgl6 
QAM»C?JJ«:U 3C (2) !W00i»»l 6QAMC«JK 

[0 0 6 0] 

1 6QAM^-itSflJffl-r-5ri:lC±0. jtmiii|gi§©i8 

;it^5mti©««Jt»*n dBM'>tfcri:ic«s 
[01] *^w©isaittBjiaT*?.. 

[IS 2] :!|c^9Q(Cff^©|^$gS!l 6QAMm^©£S@ 

[03] #IIS! 1 6 QAM^S!T©S^Si|Hi^©fie 
©fiim^tlfiSl! 1 6QAM«SB7?©a±fii|i©^© 

a? «ii@©e[7cJt*tssiM-rsaT*-&. 

[041 *«M©mi©*iSfiWo:/ns/i'0t?a&»). * 

[06] *%gg©ll2©||i®0!l©:/D-y^7 0T*D, * 
«gS! 1 6 Q AM^H^KS^tf^w" 5?^'Jl'^iSi^^«& 

[0 7] *5il3©ll3©IIJS«^©:/n->i70Tabr3, 

5£> 1 6 Q AM^i8gH<£^tJ5'.< ^Ji'jvmmmism^ 

[0 8] *%ig©»4©SIJfi05©:/Dyi'0T*O. * 
i»S 1 6 Q AM^HilH&^tJx-^ i^^Jl^iB3aitt«S 

[091 *KM©ll5©*i8W©:/Dy>?0T?»D. # 

US! 1 6 QAU9Lmmni-^ts'T^ i^i/)mms^m^ 
[01 01 &izmsmmiS(osmimntm-v$>^. 

[01 11 «;*:iie«tttilg©A{4:»«t/!eS^T:^D>;/2' 

[012] siiW)£fiB©:^«:Wi^»i^i£mM-r«0Tfe 
a. 

[013] ^mm&^^MSi, m».m^SLml^m(D!l,» 
[014] mi^miSL^mi^m<oMi^ 
[01 5] £e!|^^ffi©«&©«}j$0!i%3iw-r-&0-?% 

-5. 

[016] *5SM©m6©Sllfi«a|®:/n2/i7 0-cftO, 

59 #»i! 1 6 QAui&mmm^-^tsy'^ y^)m»?tmm 
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